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20.  ABSTRACT  (Cont'd) 


potential  methods  of  cost  reductions  In  operation  of  government  vehicles. 
This  KEEP  project  was  requested  by  the  Triservices  through  the  Joint  Deputies 
for  Laboratory  Committee  (JDLC).  Of  approximately  450  general-purpose  vehi¬ 
cles  selected  by  11  Air  Force  installations  for  this  program,  29  of  the 
vehicles  were  chosen  for  engine  Inspection  at  USAFLRL,  San  Antonio,  TX, 
These  29  engines  were  disassembled  by  AFLRL  personnel  and  inspected  in  accor¬ 
dance  with  CRC  rating  methods.  Wear  measurements  were  made  of  selected 
parts,  and  photographs  were  taken  of  representative  parts  from  each  engine. 
For  various  reasons  the  three  engines  from  Sondrestrom  Air  Force  Base  were 
eliminated  from  the  test  at  this  point  and  are  not  included  in  this  report. 
The  number  of  engines  was  thua  reduced  to  26.  A  comparison  was  also  made 
between  the  lubricants  used  i,tt  the  test  by  utilizing  the  oil  analyses  data 
provided  by  the  Technical  Service  Center,  Joint  Oil  Analysis  Program  Labora¬ 
tory  in  Pensacola,  FL  and  copies  of  the  Individual  maintenance  records  pro¬ 
vided  by  each  installation.  -M$ased  solely  on  the  results  of  the  engine 
tear-down  inspections  and  in  consideration  of  the  data  developed  from  oil 
analyses  and  maintenance  records,  synthetic  lubricants  can  be  successfully 
used  in  spark  ignition  engines.  Statistical  studies  revealed  no  significant 
differences  could  be  determined  which  would  clearly  indicate  if  the  use  of 
any  one  test  oil  would  be  more  advantageous  than  the  use  of  any  of  the  other 
test  lubricants.  Final  conclusions,  of  course,  reside  with  the  Warner  Robins 
Air  Logistics  Center  where  coordination  of  the  compilation  of  a  report  cover¬ 
ing  all  aspects  of  the  program  will  be  made. 
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APPENDIX  A 

ENGINE  INSPECTION  DATA 
-  RATINGS  - 


TABLE 

A-l .  ENGINE 

INSPECTION  DATA- 

-RATINGS 

AFLRL  No.  (Vehicle 

No.) 

28(79B5659) 

26(79B5660) 

27 (79B5668) 

Type  Oil 

Green 

Yellow 

Blue(C) 

USAF  Academy  CO 

Ford,  6  cyl,  200  CID 

Sludge  Ratings  (Merit)* 

Rocker  Arm  Cover 

9.63 

9.68 

9.62 

Oil  Pan 

9.40 

9.53 

9.40 

Valve  Deck 

9.75 

9.75 

9.75 

Underside  of  Block 

** 

** 

irk 

Timing  Gear  Cover 

// 

it 

# 

Average  Ratings 

9.6 

9.7 

9.6 

Varnish  Ratings  (Merit)* 

Piston  Skirts 

Thrust 

6.22 

6.35 

8.53 

Anti-Thrust 

6.25 

6.32 

8.47 

Rocker  Arm  Cover 

6.00 

6.88 

6.50 

Cylinder  Walls 

Tnrus  t 

8.83 

9.08 

9.65 

Anti-Thrust 

9.00 

8.93 

9.65 

Front 

5.50 

5.83 

9.10 

Back 

5.47 

5.67 

8.85 

Oil  Pan 

6.95 

7.23 

6.90 

Lifter  Bodies 

9.01 

9.13 

9.83 

Lifter  Plungers 

10.00 

10.00 

10.00 

Average  Ratings 

7.3 

7.5 

8.7 

Other  Ratings 

Oil  Ring,  %  Clogging 

1 . 00 

1.00 

1.00 

Oil  Screen,  %  Clogging 

# 

# 

# 

Intake  Valve  Deposits* 

6.68 

6.02 

6.55 

Ring  Sticking 

Free 

Free 

Free 

*  10  =  Clean. 

//  Part  not  with  the  engine  when  uncrated 


TABLE 

k-2.  ENGINE 

INSPECTION  DATA-RATINGS 

AFLRL  No.  (Vehicle  No.) 

Type  Oil 

40(79B2533) 

39(79B2534) 

38(79B2539) 

George  AFB,  CA 

Green 

Yellow 

Blue(C) 

Dodge,  V-8,  318  CID 

Sludge  Ratings  (Merit)* ** 

Left  Rocker  Arm  Cover 

** 

** 

** 

Right  Rocker  Arm  Cover 

** 

kk 

** 

Oil  Pan 

** 

** 

** 

Underside  of  Block 

** 

** 

** 

Left  Valve  Deck 

9,75 

9.75 

9.75 

Right  Valve  Deck 

9.75 

9.75 

9.75 

Pushrod  Chamber 

9.75 

9.75 

9.75 

Timing  Gear  Cover 

** 

** 

** 

Average  Ratings 

9.75 

9.75 

9.75 

Varnish  Ratings  (Merit)* 

Piston  Skirts 

Thrust 

5.99 

5.89 

6.125 

Anti-Thrust 

5.94 

6.98 

6.438 

Left  Rocker  Arm  Cover 

** 

kk 

iek 

Right  Rocker  Arm  Cover 

** 

** 

kk 

Cylinder  Walls 

Thrust 

7.66 

8.25 

8.56 

Anti-Thrust 

7.69 

8.63 

8.56 

Front 

5.06 

6.75 

5.30 

Back 

4.81 

7,25 

5.35 

Oil  Pan 

** 

** 

** 

Lifter  Bodies 

8.89 

8.59 

8.75 

Lifter  Plungers 

10.00 

10.00 

10.00 

Average  Ratings 

7.0 

7.8 

7.4 

Other  Ratings 

Oil  Ring,  X  Clogging 

1.00 

1.00 

1.00 

Oil  Screen,  %  Clogging 

** 

** 

kk 

Push  Rods,  %  Clogging 

it 

it 

it 

Intake  Valve  Deposits 

6.63 

8.76 

8.99 

Ring  Sticking 

Free 

Free 

Free 

*  10  =  Clean 

**  Parts  not  with  the  engine  when  uncrated 
//  Solid  Push  Rods 


TABLE  A-3.  ENGINE  INSPECTION  DATA-RATINGS 


AFLRL  No. 

(Vehicle  No.) 

Type  Oil 

29(79B1734) 

32(79B1735) 

GRAND  FORKS  AFB,  ND. 

Chevrolet.  V-8,  350  CID 

Yellow 

Blue(B) 

Sludge  Ratings  (Merit)* 

Left  Rocker  Arm  Cover 

9.49 

9.40 

Right  Rocker  Arm  Cover 

9.51 

9.48 

Oil  Pan 

9.51 

9.33 

Underside  of  Intake  Manifold 

9.69 

(? 

Left  Valve  Deck 

9.50 

9.50 

Right  Valve  Deck 

9.50 

9.50 

Push  Rod  Chamber 

9.50 

9.50 

Timing  Gear  Cover 

10.00** 

10.00 

Average  Ratings 

Varnish  Ratings  (Merit)* 

Piston  Skirts 

9.6 

9.5 

Thrust 

7.55 

6. 26+ 

Anti-Thrust 

7.10 

6.23+ 

Left  Rocker  Arm  Cover 

6.66 

6.30 

Right  Rocker  Arm  Cover 

Cylinder  Walls 

6.95 

7.80 

Thrust 

9.19 

9.125 

Anti-Thrust 

8.75 

9.063 

Front 

8.21 

7.363 

Back 

8.61 

7.850 

Oil  Pan 

7.05  It 

6.78 

Lifter  Bodies 

8.69## 

8.79+-+ 

Lifter  Plungers 

9.85 

10.00 

Average  Ratings 

8.1 

7.8 

Other  Ratings 

Oil  Ring,  Z  Clogging 

1.00 

1.00 

Oil  Screen,  2  Clogging 

1.00 

<1.00 

Push  Rods,  2  Clogging 

0.00 

0.00 

Intake  Valve  Deposits 

7.19 

7.06 

Ring  Sticking 

Free 

Free 

*  10  »  Clean 

**  The  timing  gear  cover  was  metal;  usually  plastic;  cover  looked  too  clean 

#  At  some  time  the  pan  had  developed  a  leak  and  the  hole  was  brazed 
##  Lifter  body  No.  1  -  Body  scuffed  where  it  rides  in  block; 

No.  5  -  Cracked  No.  11  -  Chipped,  scuffed  &  worn 

No.  6  -  Chipped  &  worn  No.  12  -  Chipped  &  scuffed 

No.  7  -  Chipped  No.  13  -  Light  wear  &  scuffing 

No.  8  -  Cracked,  worn  &  scuffed  No.  14  -  Cracked,  scuffed  &  worn 

No.  10  -  Worn  4  scuffed  No.  15  -  Light  scuffing 

No.  16  -  Light  scuffing 


@  Not  with  engine  when  engine  uncrated. 

+  Piston  No.  1  -  75*  scuffing  thrust  side 

No.  3  -  20*  scuffing  thrust  side 

No.  4  -  50*  light  scuffing  thrust  side:  15*  scuffing  anti-thrust  side 

No.  5  -  15*  light  scuffing  thrust  side 

No.  6  -  15*  scuffing  and  light  scratches  anti-thrust  side 

No,  7  -  15*  scuffing  thrust  side 

No.  8  -  100*  scuffing  thrust  side;  70*  light  scuffing  anti-thrust 
side;  this  was  not  a  piston  originally  with  this  engine 
++  The  lifter  bodies  in  this  engine  were  different  than  the  lifter  bodies  in 
the  other  350  CID  engines. 
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TABLE  A-4.  ENGINE  INSPECTION  DATA-RATINGS 


Oil  Type 

Hancock  Field,  NY 

(42)  Plymouth,  6  cyl.  225  CID 

(43)  Ford.  6  cyl,  300  CID 

Sludge  Ratings  (Merit)* 

Rocker  Arm  Cover 
Side  Cover 
Oil  Pan 
Valve  Deck 
Push  Rod  Chamber 
Timing  Gear  Cover 


AFLRL  No.  (Vehicle  No.) 
42(7885038)  43(7885646) 

Green  Yellow 


** 

** 

9 

9 

** 

** 

** 

** 

It 

It 

** 

** 

Varnish  Ratings  (Merit)* 
Piston  Skirts 
Thrust 
Anti-Thrust 
Rocker  Arm  Cover 
Cylinder  Walls 
Thrust 
Anti-Thrust 
Front 
Back 
Oil  Pan 
Lifter  Bodies 
Lifter  Plungers 
Average  Ratings 

Other  Ratings 

Oil  Ring,  %  Clogging 
Oil  Screen,  %  Clogging 
Push  Rod,  %  Clogging 
Intake  Valve  Deposits 
Ring  Sticking 


5.57  9.95 

5.43  9.95 

**  ** 

7.23  9.95 

8.02  9.95 

5.47  9.95 

3.17  9.95 

**  ** 

7.13  9.95 

Solid  Lifters  9.95 

6.0  9.95 

1.00  <1.00 

**  ** 

**  ** 

**  ** 

#//  Free 


*  10  -  Clean 

**  Not  with  engine  when  uncrated 

#  Does  not  apply  to  this  engine 

##  No.  1  and  2  rings  sluggish  on  No.  1  piston;  oil  rings  stuck  on  pistons  No. 
through  No.  6 
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TABLE  A-5.  ENGINE  INSPECTION  DATA- 

-RATINGS 

AFLRL  No.  (Vehicle 

No.) 

25(79B2271 )  23(79B2270) 

24(7  9B2272 ) 

Type  Oil 

Lackland  AFB,  TX 

Green  Yellow 

Blue(A) 

Ford,  6  cyl,  300  CID 


Sludge  Ratings  (Merit)* 


w  ^ _ : - s - 

Rocker  Arm  Cover 

9.48 

9.50 

9.75 

Side  Cover 

9.18 

9.50 

9.75 

Oil  Pan 

9.34** 

9.64 

9.63** 

Valve  Deck 

9.50 

9.50** 

9.75 

Pushrod  Chamber 

9.50 

9.75 

9.75 

Timing  Gear  Cover 

9.49 

9.48 

9.63 

Average  Ratings 

9.4 

9.6 

9.7 

Varnish  Ratings  (Merit)* 
Piston  Skirts 

Thrus  t 

9.02 

9.00 

6.18** 

Anti-Thrust 

9.10 

8.98 

7.38** 

Rocker  Arm  Cover 

6.83 

6.00 

6.875 

Cylinder  Walls 

Thrust 

9.42 

9.78 

7.70 

Anti-Thrust 

9.50 

9.80 

7.62 

Front 

9.00 

6.13 

6.18 

Back 

9.00 

6.48 

6.30 

Oil  Pan 

6.60 

6.85 

6.275 

Lifter  Bodies 

9.36 

9.40 

9.20 

Lifter  Plungers 

10.00 

9.94 

10.00 

Average  Ratings 

8.8 

8.2 

7.4 

Other  Ratings 


Oil  Ring,  %  Clogging 

1.00 

1.00 

1.00 

Oil  Screen,  %  Clogging 

<1.00 

<1.00 

<1.00 

Push  Rod,  %  Clogging 

Open 

Open 

Open 

Intake  Valve  Deposits 

6.68 

5.52 

4.00 

Ring  Sticking 

Free 

Free 

Free 

*  10  =  Clean 

**  This  part  contained  "Grey  Paint"  deposits  as  a  result  of  having  been 
operated  with  gasoline  with  a  relatively  high  lead  content. 
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TABLE  A-6 .  ENGINE 

INSPECTION  DATA-RATINCS 

AFLRL  No. 

(Vehicle  No.) 

30(79B1736) 

31 (79B1759) 

Type  Oil 

Green 

Blue(C) 

Minot  AFB,  ND 

Chevrolet.  V-8,  350  CID 

Sludge  Ratings  (Merit)* 

Left  Rocker  Arm  Cover 

9.49 

9.66 

Right  Rocker  Arm  Cover 

9.71 

9.57 

Oil  Pan 

9.33** 

9.27 

Underside  of  Intake  Manifold 

# 

# 

Left  Valve  Deck 

9.75 

9.75 

Right  Valve  Deck 

9.75 

9.75 

Push  Rod  Chamber 

9.75 

9.75 

Timing  Gear  Cover 

10.00 

10.00 

Average  Ratings 

9.7 

9.7 

Varnish  Ratings  (Merit)* 

Piston  Skirts 

Thrus  t 

7.48 

8.76++ 

Anti-Thrust 

7.28 

8.81++ 

Left  Rocker  Arm  Cover 

5.85 

7.00 

Right  Rocker  Arm  Cover 

6.50 

6.90 

Cylinder  Walls 

Thrust 

8.44 

9.50 

Anti-Thrust 

8.19 

9.50 

Front 

7.90 

9.31 

Back 

8.13 

9.31 

Oil  Pan 

6.75 

6.975 

Lifter  Bodies 

9.12## 

9.150 

Lifter  Plungers 

9.85## 

9.90 

Average  Ratings 

7.8 

8.6 

Other  Ratings 

Oil  Ring,  %  Clogging 

1.00 

1.00 

Oil  Screen,  %  Clogging 

1.00 

<1.00 

Push  Rods,  %  Clogging 

0.00 

0.00 

Intake  Valve  Deposits 

6.69 

6.5000 

Ring  Sticking 

Free+ 

Free 

*  10  «  Clean 

**  The  A  and  B  sludge  depths  looked  like  an  oil  emulsion  (water  In  oil). 

#  Not  with  engine  when  uncrated. 

##  All  lifter  plungers  had  light  to  medium  scuffing;  all  lifter  bodies  were 
cracked,  chipped  and  worn;  No.  15  lifter  plunger  showed  severe  wear;  the  cam 
lobe  for  lifter  No.  15  was  worn  round  (no  lift). 

+  No  rings  on  pistons  No.  6  and  No.  8;  pistons  No.  5  and  No.  7  had  oil 
emulsion  under  crown  to  ring  land  (as  in  **  above). 

++  Piston  No.  1  -  35%  scuffing  on  anti-thrust  side 

No.  2  -  30%  scuffing  on  anti-thrust  side;  coolant  on  ring  land  area 

No.  3  -  25%  scuffing  on  anti-thrust  side;  coolant  on  ring  land  area 

No.  4  -  15%  light  scuffing  on  anti-thrust  side 

No.  5  -  45%  scuffing  on  anti-thrust  side 

No.  6-5%  light  scuffing  on  anti-thrust  side 

No.  7-5%  light  scuffing  on  anti-thrust  side 

No.  8  -  70%  scuffing  on  thrust  side;  20%  scuffing  on  anti-thrust  side 
0  No.  4  lifter  body  shows  heavy  wear;  all  show  some  scuffing  (scuffed  areas 
below  wear  areas). 

@0  Looks  like  some  of  the  deposits  on  intake  valves  had  flaked  off. 
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TABLE  A-7.  ENGINE  INSPECTION  DATA-RATINGS 


AFLRL  No.  (Vehicle 

No.) 

37 (7  9B5212)  36(78B9187) 

41(78B9188) 

Type  Oil 

Green  Yellow 

Blue(D) 

Myrtle  Beach,  SC 
Plymouth,  6  cyl,  225  CID 


Sludge  Ratings  (Merit)* 


Rocker  Arm  Cover 

9.10 

8.77 

9.50 

Oil  Pan 

9.15** 

9.21 

9.20 

Valve  Deck 

9.75 

9.65 

9.75 

Timing  Gear  Cover 

If 

If 

If 

Average  Ratings 

9.3 

9.2 

9.5 

Varnish  Ratings  (Merit)* 

Piston  Skirts 

Thrust 

5.88 

6.33 

6.55 

Anti-Thrust 

5.38 

6.28 

6.72 

Rocker  Arm  Cover 

4.785 

2.90 

2.75 

Cylinder  Walls 

Thrust 

7.58 

7.82 

7.48 

Anti-Thrust 

7.32 

7.90 

7.10 

Front 

6.43 

6.08 

6.65 

Back 

4.17 

4.70 

3.78 

Oil  Pan 

5.20 

3.875 

5.27 

Lifter  Bodies 

(solid  lifterr) 

7.24 

5.94 

4.74 

Average  Ratings 

6.0 

5.8 

5.7 

Other  Ratings 


Oil  Ring,  %  Clogging 

1.00 

1.00 

1.00 

Oil  Screen,  %  Clogging 

<1.00 

<1.00 

0.00 

Intake  Valve  Deposits 

6.30 

5.52 

5.92 

Ring  Sticking 

Free 

Free 

Free 

*  10  =  Clean 

**  Piece  of  plastic  oil  pump  gear  found  in  oil  pan;  engine  looks  like  it 
may  have  run  awhile  with  no  oil  pressure. 

It  The  timing  gear  covers  look  like  they  were  cleaned  up  or  come  from 
something  else;  "rusty". 
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TABLE  A-8.  ENGINE  INSPECTION  DATA-RATINGS 


AFLRL  No. 

(Vehicle  No.) 

46(78B4766) 

45(78B4768) 

Oil  Type 

Green 

Blue(B) 

Offutt  AFB,  NE 

Chevrolet,  6  cyl.  292  CID 

Sludge  Ratings  (Merit)* 

7.70** 

Rocker  Arm  Cover 

9.52 

Side  Cover 

9.50 

7.50 

Oil  Pan 

6.75 

3.35 

Valve  Deck 

9.75 

7.50 

Push  Rod  Chamber 

9.75 

7.50 

Timing  Gear  Cover 

5.04 

6.90 

Average  Ratings 

8.4 

6.7 

Varnish  Ratings  (Merit)* 

Piston  Skirts 

Thrust 

5.60 

5.73# 

Anti-Thrust 

5.52 

5.57 

Rocker  Arm  Cover 

Cylinder  Walls 

4.35 

5.08 

Thrust 

6.50 

5.08 

Anti-Thrust 

6.75 

5.25 

Front 

4.25 

2.18 

Back 

3.95 

2.28 

Oil  Pan 

4.05 

8.50 

Lifter  Bodies 

9.80 

8. 36## 

Lifter  Plungers 

10.00 

10.00 

Average  Ratings 

6.1 

5.8 

Other  Ratings 

Oil  Ring,  %  Clogging 

1.00 

2.00 

Oil  Screen,  X  Clogging 

1.00 

5.00 

Push  Rod,  X  Clogging 

0.00 

0.00 

Intake  Valve  Deposits 

6.58 

6.22 

Ring  Sticking 

Free 

Free 

*  10  -  Clean 

**  This  part  contained  "Grey  Paint”  deposits  as  a  result  of  having  been 
operated  with  gasoline  with  a  relatively  high  lead  content. 

#  Wrist  pins  were  tight  In  all  cylinders. 

##  With  the  exception  of  the  No  4  lifter  body  these  lifters  did  not  look 
like  they  belonged  to  this  engine  (rating  wise);  No.  4  lifter  body  was  rated 
3  in  the  merit  system  (about  one-third  as  much  as  each  of  the  other  lifters; 
lifter  bodies  No.  4,  5,  7,  8,  9,  10,  11,  and  12  were  worn  to  a  concave 
surface  ("dished")  on  top  of  rating  area. 


TABLE  A-9.  ENGINE  INSPECTION  DATA-RATINGS 


AFLRL  No.  (Vehicle  No.) 
48(78B4569)  44(78B4571)  47(78B8831] 

Green  Yellow  Blue(C) 


Peterson  Field,  ( 
Chevrolet,  6  cyl. 


292  CID 


Sludge  Ratings  (Merit)* 


Rocker  Arm  Cover 

9.75 

9.60# 

9.70 

Side  Cover 

** 

** 

** 

Oil  Pan 

9.6# 

5.70# 

9.15# 

Valve  Deck 

9.75 

9.50# 

9.75 

Push  Rod  Chamber 

9.75 

9.50# 

9.75 

Timing  Gear  Cover 

** 

** 

** 

Average  Ratings 

9.7 

8.6 

9.6 

Varnish  Ratings  (Merit)* 
Piston  Skirts 


Thrust 

7.0 

7.470 

5.85 

Anti-Thrust 

7.23 

7.02 

5.80 

Rocker  Arm  Cover 

8.00 

7.90 

6.72 

Cylinder  Walls 

Thrust 

9.75 

8.92 

7.88 

Anti-Thrust 

9.80 

9.00 

8.02 

Front 

9.62 

4.97 

4.10 

Back 

9.57 

5.23 

3.13 

Oil  Pan 

7.65 

6.8500 

6.65 

Lifter  Bodies 

9.75## 

9.50 

9. 17++ 

Lifter  Plungers 

10.00 

10.00 

10.00 

Average  Ratings 

8.8 

7.7 

6.7 

:her  Ratings 

Oil  Ring,  %  Clogging 

1.00 

2.00 

1.00 

Oil  Screen,  %  Clogging 

0.00 

1.00 

0.00 

Push  Rod,  %  Clogging 

0.00 

** 

0.00 

Intake  Valve  Deposits 

6.10 

9.37 

7.63 

Ring  Sticking 

Free 

Free+ 

Free 

*  10  •  Clean 

**  Not  with  engine  when  uncrated, 

#  These  parts  contained  or  exhibited  "Grey  Paint"  deposits  as  a  result  of 
having  been  operated  with  gasoline  with  a  relatively  high  lead  content. 

##  Lifter  bodies  No.  2,  3,  4,  8,  10  were  chipped;  No.  5  and  6  were  cracked 
and  chipped;  No.  12  was  cracked. 

@  "Grey  Paint"  made  rating  difficult,  however,  the  ratings  given  are  the  best 
judgement  under  the  circumstances. 

@0  Some  rust  was  noted  at  inspection  sites  No.  1,  5  through  9,  12  through 
15,  and  20. 

+  Top  ring  sluggish  in  pistons  1  and  2;  wrist  pins  tight  in  all  pistons. 

++  Lifter  bodies  No.  1,  3,  4,  5,  6  and  10  were  worn  to  a  concave  surface 
at  top  of  rated  area;  No.  7  was  chipped  on  top  edge  of  rated  area. 
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TABLE  A-10.  ENGINE  INSPECTION  DATA-RATINGS 


Type  Oil 

Randolph  AFB,  TX 
Ford,  4  cyl,  140  CID 


AFLRL  No.  (Vehicle  No.) 
20(79B5721)  21(79B5719)  22(79B5720) 

Green  Yellow  Blue(A) 


Sludge  Ratings  (Merit)* 


Rocker  Arm  Cover 

9.75 

9.75 

9.40 

Front  Seal  Housing 

9.50 

9.50 

9.00 

Oil  Pan 

9.59 

9.40 

9.40 

Valve  Deck 

9.75 

9.75 

9.50 

Underside  of  Block 

9.75 

9.75 

9.50 

Average  Ratings 

9.7 

9.6 

9.4 

Varnish  Ratings  (Merit)* 
Piston  Skirts 

Thrust 

7.95 

8.83 

6.75 

Anti-Thrust 

8.20 

9.10 

6.75 

Rocker  Arm  Cover 

6.00 

5.35 

6.75 

Cylinder  Walls 

Thrust 

10.00 

10.00 

7.625 

Anti-Thrust 

10.00 

9.99 

r  30 

Front 

10.00 

9.50 

6.675 

Back 

10.00 

9.75 

6.575 

Oil  Pan 

9.00 

7.75 

6.975 

Average  Ratings 

8.9 

8.8 

7 — 

Other  Ratings 

Oil  Ring,  %  Clogging 

<1.00 

<1.00 

<1.00 

Oil  Screen,  %  Clogging 

<1.00 

<1.00 

1.00 

Intake  Valve  Deposits 

5.88 

7.15 

6.70 

Ring  Sticking 

Free 

Free 

Free 

*  10  »  Clean 
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ENGINE  INSPECTION  DATA-WEAR  MEASUREMENTS 
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I. 
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NOTE 


In  this  appendix,  tables  are  positioned  so  that  tables  using  English 
measurements  face  the  same  table  using  its  metric  equivalents.  For 
example,  pages  B-4  and  B-5  report  on  the  same  items;  however,  page  B-4 
uses  inches  as  measurement  while  page  B-5  uses  the  metric  system  of 
measurements . 
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ENGINE  COMPONENTS  MEASUREMENTS 
U.S.  AIR  FORCE  ACADEMY 
ENGINE  TYPE:  FORD,  6  CYLINDER,  200  CID 
VEHICLE  HO.  79B5660 
TYPE  OIL:  YELLOW 


Out-of-round  0.005  Intake  0.0008-0.0025 

Taper  0.010  Exhaust  0.0010-0.0027 

Connecting  Hod  Bearing*  Valve  Spring  Force 

Journal  Oiaaeter  2.1212-2.1240  Intake  51-57  lb  @  1. 

Shell  Olaatfter  2.  1240-2.  125*-  Exhaust 


ENGINE  COMPONENTS  MEASUREMENTS 
U.S.  AIR  FORCE  ACADEMY 
ENGINE  TYPE:  FORD,  6  CYLINDER,  200  CID 
VEHICLE  NO.  79B5668 
TYPE  OIL:  BLUE  (C) 


Connecting  Rod  Bearings 
Journal  Diameter 
Shell  Diameter 
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Connecting  Rod  Bearing*  Valve  Spring  Force 

Journal  Dlaaeter  2.1240-2.1250  Intake  70-88  lb 

Shell  Dtaactcr  2.  I  2  4  5—  2  -  1  275  Exhaunt 


ENGINE  COMPONENTS  MEASUREMENTS 
HANCOCK  AIR  FORCE  BASE 
ENGINE  TYPE:  PLYMOUTH,  6  CYLINDER,  225  CID 
VEHICLE  NO.  78B5038 
TYPE  OIL:  GREEN 


(X*t-of -round  0.005  Intake  0.001-0.017 

Taper  0.010  Exhaust 

Connecting  Rod  Bearings  Valve  Spring  Force 

Journal  Olaaecer  2.  1865-2.  1875  Intake  49-57  lbs. 

Shell  Dlaaeter  2.1870-2.1900  Exhaust 


ENGINE  COMPONENTS  MEASUREMENTS 
HANCOCK  AIR  FORCE  BASE 
ENGINE  TYPE:  PLYMOUTH,  6  (  .'LINDER,  225  CID 
VEHICLE  NO.  78B5038 
TYPE  OIL:  GREEN 


ENGINE  COMPONENTS  MEASUREMENTS 
HANCOCK  AIR  FORCE  BASE 
ENGINE  TYPE:  FORD,  6  CYLINDER,  300  CID 
VEHICLE  NO.  78B5646 
TYPE  OIL:  YELLOW 


ENGINE  COMPONENTS  MEASUREMENTS 
HANCOCK  AIR  FORCE  BASE 
ENGINE  TYPE:  FORD,  6  CYLINDER,  300  CID 
VEHICLE  NO.  78B5646 
TYPE  OIL:  YELLOW 
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ENGINE  COMPONENTS  MEASUREMENTS 
LACKLAND  AIK  FORCE  BASE 
ENGINE  TYPE:  FORI),  6  CYLINDER,  300  CIO 
VEHICLE  NO.  79112270 
TYPE  OIL:  YELLOW 


Taper  0.25  Exhaust 

mnectlng  Rod  Searings  Valve  Iprlng  Torre 

Journal  Diameter  51.919-53.919  Intake  104-374  (N-m)  4  t,3 

SheLI  Diameter  5 3.93 7-54.000  Fxhauat 


ENGINE  COMPONENTS  MEASUREMENTS 
LACKLAND  AIR  FORCE  BASE 
ENGINE  TYPE:  FORD,  6  CYLINDER,  300  CID 
VEHICLE  NO.  79B2271 
TYPE  OIL:  GREEN 


fncine  components  measurements 
lackland  air  force  base 
engine  TYPE:  FORD,  6  CYLINDER,  300  CID 
VEHICLE  NO.  79B2271 
TYPE  OIL:  GREEN 


ENGINE  COMPONENTS  MEASUREMENTS 
LACKLAND  AIR  FORCE  BASE 
ENGINE  TYPE:  FORD,  6  CYLINDER,  300  CID 
VEHICLE  NO.  79B2272 
TYPE  OIL:  BLUE  (A) 


Cylinder  Bore  Dla*eter  101 . 587-10: . 664  Valve  Stem  to  Guide  Clearance 

Out-of-rouod  0.051  Intake  0.02*^-0.094 

Taper  C. 025  Exhaust 


ENGINE  COMPONENTS  MEASUREMENTS 
MYRTLE  BEACH  AIR  FORCE  BASE 
ENGINE  TYPE:  PLYMOUTH,  6  CYLINDER,  225  CID 
VEHICLE  NO.  79B5212 
TYPE  OIL:  GREEN 


Taper  0.010  Exhaust 

Connecting  Rod  Bearings  Valve  Spring  Force 

Journal  Diameter  2.1865-2.1875  Intake  49-57  lbs  @  1  11/16"  (closed);  137-150  lbs  @  1  5/16"  (open) 

Shell  Diameter  2.1870-2.1900  Exhaust 


ENGINE  COMPONENTS  MEASUREMENTS 
MYRTLE  BEACH  AIR  FORCE  BASE 
ENGINE  TYPE:  PLYMOUTH,  6  CYLINDER,  225  CID 
VEHICLE  NO.  79B5212 
TYPE  OIL:  GREEN 
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engine  components  measurements 

MYRTLE  BEACH  AIR  FORCE  BASE 
ENGINE  TYPE:  PLYMOUTH,  6  CYLINDER,  225  CID 
VEHICLE  NO.  78B9187 
TYPE  OIL:  YELLOW 


ENGINE  COMPONENTS  MEASUREMENTS 
MYRTLE  BEACH  AIR  FORCE  BASE 
ENGINE  TYPE:  PLYMOUTH,  6  CYLINDER,  225  CID 
VEHICLE  NO.  78B9188 
TYPE  OIL:  BLUE  (D) 
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ENGINE  COMPONENTS  MEASUREMENTS 
OFFUTT  AIR  FORCE  BASE 

ENGINE  TYPE:  CHEVROLET,  6  CYLINDER,  292  CID 
VEHICLE  NO.  78B4766 
TYPE  OIL:  GREEN 


ENGINE  COMPONENTS  MEASUREMENTS 
OFFUTT  AIR  FORCE  BASE 

ENGINE  TYPE:  CHEVROLET,  6  CYLINDER,  292  CID 
VEHICLE  NO.  78B4766 
TYPE  OIL:  GREEN 


*  Longitudinal ,  T  -  Transversal,  H  -  Horizontal,  V  -  Vertical 
Forward,  B  •  Back,  I  *  Intake,  £  -  Exhaust 
Measurements  are  in  mm 
Measurements  are  in  (N-m) 


ENGINE  COMPONENTS  MEASUREMENTS 
OFFUTT  AIR  FORCE  BASE 

ENGINE  TYPE:  CHEVROLET,  6  CYLINDER,  292  CID 
VEHICLE  NO.  78B4768 
TYPE  OIL:  BLUE  (C) 
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ENGINE  COMPONENTS  MEASUREMENTS 
PETERSON  FIELD 

ENGINE  TYPE:  CHEVROLET,  6  CYLINDER,  292  CID 
VEHICLE  NO.  78B4569 
TYPE  OIL:  GREEN 
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ENGINE  COMPONENTS  MEASUREMENTS 
PETERSON  FIELD 

ENGINE  TYPE:  CHEVROLET,  6  CYLINDER,  292  CID 


11-4  7 


engine  components  measurements 

PETERSON  FIELD 

ENGINE  TYPE:  CHEVROLET,  6  CYLINDER,  292  CID 
VEHICLE  NO.  78B8831 
TYPE  OIL:  BLUE  (D) 
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ENGINE  COMPONENTS  MEASUREMENTS 
RANDOLPH  AIR  FORCE  BASE 
ENGINE  TYPE:  FORD,  4  CYLINDER,  2.3  LITRE 
VEHICLE  NO.  79B5720 
TYPE  OIL:  BLUE  (A) 


B-52 


Ou t-of- round  0.005  Intake 

Taper  0.010  Exhaust 

Connecting  Rod  Bearings  Valve  Spring  Force 

Journal  Dlaaeter  2.0464-2.0472  Intake 

Shell  Diameter  2.0472-2.0498  Exhaust 


ENG  INK  ('(  MPONENTS  MKASUK  EMENTS 
RANDOLPH  A ! R  FORCE  BASE 
ENGINE  TYPE:  FORD,  4  CYLINDER,  2.3  LITRE 
VEHICLE  NO.  7 N B 4  7 2 0 
TYPE  OIL:  BLOK  (A) 


engine  components  measurements 

RANDOLPH  AIR  FORCE  BASE 
ENGINE  TYPE:  FORD,  4  CYLINDER,  2.3  LITRE 
VEHICLE  NO.  79B5721 
TYPE  OIL:  GREEN 


IN'-  i  OM PON ENTS  MEASUREMENTS 
Randolph  air  force  base 
n’PF.:  FORI),  4  CYLINDER,  2.3  LITRE 

VEHICLE  NO.  79B572I 
TYPE  OIL:  GREEN 


APPENDIX  C 

ENGINE  INSPECTION  DATA- 
PHOTOGRAPHS 
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Piston  No.  2  Thrust  Side 


Anti-Thrust  Sid 


Cylinder  Head  Combustion  Chamber  No.  1 


C-4 


USAF  Academy  Vehicle  79B5660 
Lubricant:  Yellow 


Piston  No.  2  Thrust  Side 


Anti-Thrust  Side 


USAF  Academy  Vehicle  79B5660 
Lubricant:  Yellow 


Intake  Valves  1-6 


Cylinder  Head  Combustion  Chamber  No. 


USAF  Academy  Vehicle  79B5668 
Lubricant:  Blue(C) 


Piston  No.  2  Thrust  Side 


Anti-Thrust  Side 


George  AFB  Vehicle  79B2533 
Lubricant:  Green 


George  AFB  Vehicle  79B2533 
Lubricant:  Green 


Piston  No-  4  Thrust  Side 


Anti-Thrust  Side 


(.'forge  A  KB  Vehicle  79B25  34 
Lubricant:  Yellow 


Piston  Mo.  3  Thrust  Side 


Anti-Thrust  Side 


George  AFB  Vehicle  79B25J4 
Lubricant:  Yellow 


Piston  No.  4  Thrust  Side 


Ant i -Thrust  Side 


rge  AFB  Vehicle  79B2 
Lubricant:  Yellow 


itake  Valves  1-4  Lef 


C-  1 5 


George  AFB  Vehicle  79B2539 
Lubricant:  Blue(C) 


No.  3  Thrust  Side 


Anti-Thrust  Side 


George  AFB  Vehicle  79B2539 
Lubricant:  Blue(C) 


Piston  No.  4  Thrust  Side 


Anti-Thrust  Side 


niber  No.  ]  Left 


*  • 


* 


nibc-r  No.  ]  R  i j., ht 


1 


Grand  Forks  AFB  Vehicle  79B1734 
Lubricant:  Yellow 


Piston  No.  1  Thrust  Side 


Anti-Thrust  Side 


Intake  Pistons  1-4  Right 


Grand  Forks  AFB  Vehic  le  7 9B 1  7 '14 
Lubricant:  Yellow 


Cylinder  Head  Combustion  Chamber  No.  2  Left 


Cylinder  Head  Combustion  Chamber  No.  1  Riidit 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BURLAU  of  S7ANDARD$  s^b.'  a 


A 


Grand  Forks  AFB  Vehicle  79B1735 
Lubricant:  Blue(B) 


Cylinder  Head  Combustion  Chamber  No.  1  Left 


Cylinder  Head  Combustion  Chamber  No.  1  Right 


C-28 


Hancock  Field  Vehicle  78B5038 
Lubricant:  Green 


Piston  No.  2  Thrust  Side 


Anti-Thrust  Side 


Lackland  AFB  Vehicle  79B2270 
Lubricant:  Yellow 


Cylinder  Head  Combustion  Chamber  No.  1 


Lackland  AFB  Vehicle  79B2271 
Lubricant:  Green 


Cylinder  Head  Combustion  Chamber  No.  1 


C-34 


Lackland  AFB  Vehicle  79B2272 
Lubricant:  Blue (A) 


Piston  No.  2  Thrust  Side 


Anti-Thrust  Side 


Minot  AFB  Vehicle  79B1736 
Lubricant:  Green 


Side 


Anti-Thrust  Side 


Side 


Anti-Thrust  Side 


Minot  AFB  Vehicle  79B1759 
Lubricant:  Blue(C) 


Piston  No.  3  Thrust  Side 


Anti-Thrust  Side 


•*/.4 


Minot  AFB  Vehicle  79B1759 
Lubricant:  Blue(C) 


Piston  No.  2  Thrust  Side 


Anti-Thrust  Side 


Piston  No.  4  Thrust  Side 


Anti-Thrust  Side 


ehic 
it:  B 


Cylinder  Hea 


.*■  .V 


Piston  No.  4  Thrust  Side 


Anti-Thrust  Side 


Mvrtk*  beach  Vehicle 

I.uhr  ic.iiU  :  f  .'r «.•  t- n 


Cvlinder  Head  Combust i on  Chamber 


Myrtle  Beach  Vehicle  78B9187 
Lubricant:  Yellow 


Piston  No.  4  Thrust  Side 


Anti-Thrust  Side 


Intake  Valves  1-6 


Cylinder  Head  Combustion  Chamber  No. 


Myrtle  Beach  Vehicle  78B9188 
Lubricant:  Blue(D) 


Piston  No.  4  Thrust  Side 


Anti-Thrust  Side 


Myrtle  Beach  Vehicle  78B9188 
Lubricant:  Blue(D) 


Intake  Valves  1-6 


Offutt  AFB  Vehicle  78B4766 
Lubricant:  Green 


Piston  No.  4  Thrust  Side 


Anti-Thrust  Side 


Combustion  Chamber  No 


Cylinder  Head  Combustion  Chamber  No 


(-54 


Peterson  Field  Vehicle  78B4569 
Lubricant:  Green 


Piston  No.  4  Thrust  Side 


Anti-Thrust  Side 


Cylinder  Head  Combust! 


Peterson  Field  Vehicle  78B4571 
Lubricant:  Yellow 


Piston  No.  4  Thrust  Side 


Anti-Thrust  Side 


Peterson  Field  Vehicle  78BA571 
Lubricant:  Yellow 


Cylinder  Head  Combustion  Chamber  No.  1 


Peterson  Field  Vehicle  78B8831 
Lubricant:  Blue(C) 


Cylinder  Head  Combustion  Chamber  No.  1 


C-60 


Randolph  AFB  Vehicle  79B5719 
Lubricant:  Yellow 


Intake  Valves  1-4 


Cylinder  Head  Combustion  Chamber  N'o.  1 


Randolph  AFB  Vehicle  79B5720 
Lubricant:  Blue (A) 


Piston  No.  2  Thrust  Side 


Anti-Thrust  Side 


Randolph  AFB  Vehicle  79B5721 
Lubr icant :  Creen 


Piston  No.  2  Thrust  Side 


Anti-Thrust  Side 


C-66 


APPENDIX  D 


LUBRICANT  ANALYSES  DATA- 
MEANS  AND  STANDARD  DEVIATIONS 


APPENDIX  D 

LUBRICANT  ANALYSES  DATA  -  MEANS  AND  STANDARD  DEVIATIONS 
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**  Total  solids  In  mL 


APPENDIX  D 

LUBRICANT  ANALYSES  DATA  -  MEANS  AND  STANDARD  DEVIATIONS 

(CONT'D) 
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APPENDIX  E 


STATISTICAL  ANALYSIS 


E-l 


One  of  the  primary  goals  of  the  Synlube  test  was  to  determine  if  the  synthe¬ 
tic  oils  would  perform  better  than  the  standard  issue  oil  currently  being 
used  in  the  field.  It  was  believed  that  one  way  of  doing  this  was  to 
determine,  at  a  99  percent  confidence  level,  if  there  was  any  statistically 
significant  difference  between  the  means  of  average  values  for  wear  metals, 
additives,  VDP  and  particulate  content  for  each  oil  in  the  test.  The  Blue 
oils  were  evaluated  collectively  as  one  oil. 

The  first  step  in  this  analysis  was  to  record  the  values  for  each  variable 
as  shown  in  the  computer  printouts  from  JOAP  for  each  engine  inspected.  A 
mean  (x)  was  then  computed  for  each  variable  for  each  engine.  These  means 
are  shown  in  Appendix  D,  Volume  II.  Next  a  mean  and  standard  deviation  of 
the  mean  was  determined  for  each  variable.  These  computations  resulted  in 
one  mean  Ox)  and  one  standard  deviation  (Sx)  for  each  variable  for  each  test 
oil,  also  shown  in  Appendix  D,  Volume  II.  Certainly  numerical  differences 
were  expected  and  occurred,  quite  large  difference  in  some  cases.  To  test 
these  data,  a  statistical  one-tailed  test  was  used  to  verify  or  deny  the 
hypothesis  that  there  were  no  significant  differences  between  the  means 
(H^=*0)(one  oil  performed  as  well  as  another).  Two  procedures,  an  "F-test" 
and  a  "confidence  interval  procedure,"  were  used  before  establishing  a 
"range  of  predicted  difference  for  the  means"  at  a  99  percent  confidence 
level.  The  formula  for  predicting  the  range  of  difference  between  the  means 
was : 


I 


Range  of  difference  between  the  means 


<XH  '  V  1 


/((nH-l)SXH2  +  (Nl-1)S*l2)  1 


(nH  +  V2) 


where: 


*  mean  for  variable  with  the  higher  standard  deviation  (Sx  ) 

H 

=  mean  for  variable  with  the  lower  standard  deviation  (Sx  ) 

Li 

-  variance  for  variable  with  the  higher  standard  deviation 
■  variance  for  variable  with  the  lower  standard  deviation 

-  number  of  elements  in  the  sample  with  the  higher  standard 
deviation 


E-3 


n  ■  number  of  elements  in  the  sample  with  the  lower  standard 

Lt 

deviation 

t  •  a  value  used  in  determining  a  level  of  certainty  in  establish¬ 
ing  a  statistical  range  and  determined  by  a  degree  of  freedom 

(n  +  n  -  2)  or  calculated  as  shown  later. 

H  L 

The  F-test  was  used  to  determine  if  any  adjustments  to  a  confidence  interval 
were  needed.  A  calculated  F-value  was  determined  by  the  formula: 


F-value  = 


The  result  was  then  compared  to  an  F-value  found  in  the  F  table  for  a  99 

percent  level  of  certainty  for  the  degrees  of  freedom  (n  -1 )  for  the  numer- 

H 

ator  and  (n  -1)  for  the  denominator.  If  the  F-value  from  the  table  exceeded 
L 

the  calculated  F-value,  the  F-test  was  considered  "passed"  (the  null  hypothe¬ 
sis  was  not  rejected,  nor  were  adjustments  necessary  for  the  confidence 
interval).  If  the  F-value  from  the  table  did  not  exceed  the  calculated 
F-value,  an  adjustment  was  made  for  the  confidence  interval  obtained  from 
the  "t"  table  (values  determined  for  the  degree  of  certainty  wanted  and  a 
specified  degree  of  freedom).  The  formula  used  for  determining  the  cor¬ 
rected  degree  of  freedom  (d.f.)  for  entering  the  ”t"  table  was: 

Corrected  d.f.  =* 

_ 1 _ 

K2  »  -  K)2 

-  D  +  <»L  -  1) 


where  K  =  n 

H 


If  the  value  for  the  corrected  d.f.  fell  between  two  integer  values  for 
degrees  of  freedom  in  the  ”t"  table,  an  interpolated  value  was  computed  to 
establish  the  "t"-value  for  the  corrected  d.f. 


DISTRIBUTION  LIST 


DEPARTMENT  OF  DEFENSE 

DEFENSE  DOCUMENTATION  CTR 
CAMERON  STATION  12 

ALEXANDRIA  VA  22314 

DEPARTMENT  OF  THE  ARMY 

CDR 

U.S.  ARMY  BELVOIR  RESEARCH  AND 
DEVELOPMENT  CENTER 
ATTN:  STRBE-VF  10 

STRBE-WC  2 

FORT  BELVOIR  VA  22060 

CDR 

US  ARMY  TANK-AUTOMOTIVE  CMD 
ATTN:  DRSTA-GBP  (MR  MCCARTNEY)  1 

WARREN  MI  48090 

CDR 

US  ARMY  ABERDEEN  PROVING  GROUND 
ATTN:  STEAP-MT-U  (MR  DEAVER)  1 
ABERDEEN  PROVING  GROUND  MD  21005 

CDR 

US  ARMY  YUMA  PROVING  GROUND 
ATTN:  STEYP-MLS-M  (MR  DOEBBLER)  1 
YUMA  AZ  85364 

JOINT  OIL  ANALYSIS  PROGRAM  - 

TECHNICAL  SUPPORT  CTR  1 

BLDG  780 

NAVAL  AIR  STATION 
PENSACOLA  FL  32508 

DEPARTMENT  OF  THE  AIR  FORCE 

HQ,  USAF 

ATTN:  LEYSF  (COL  CUSTER)  l 

WASHINGTON  DC  20330 

HQ  AIR  FORCE  SYSTEMS  CMD 

ATTN:  AFSC/DLF  (MAJ  VONADA)  1 

ANDREWS  AFB  MD  20334 

CDR 

US  AIR  FORCE  WRIGHT  AERONAUTICAL 
LAB 

ATTN:  AFWAL/MLSE  (MR  MORRIS)  2 

WRIGHT-PATTERSON  AFB  OH  45433 


CDR 

SAN  ANTONIO  AIR  LOGISTICS 
CTR 

ATTN:  SAALC/MMPRR  1 

KELLY  AIR  FORCE  BASE  TX  78241 

CDR 

WARNER  ROBINS  AIR  LOGISTIC 
CTR 

ATTN  WR-ALC /MMIRAB- 1  (MR  GRAHAM)  1 
ROBINS  AFB  GA  31098 

CDR 

USAF  3902  TRANSPORTATION 
SQUADRON 

ATTN:  LGTVP  (MR  VAUGHN)  1 

OFFUTT  AIR  FORCE  BASE  NE  68113 

OTHER  GOVERNMENT  AGENCIES 

DIRECTOR 

NATL  MAINTENANCE  TECH  SUPPORT 
CTR  2 

US  POSTAL  SERVICE 
NORMAN  OK  73069 


AFLRL  NO.  163-VOL.  II 
May  1984 
Page  1  of  1 


